Abstract-Due to the restructuring in electricity market and environmental concerns penetration level of DG unit has been increased rapidly. It is also playing a significant role in minimization of line losses of a power system network. So it is very important to define the size and location of distributed generation unit to be allocated in a power system network. On the other hand due to radial distribution systems basic inherent features such as radial structure, a wide range of ⁄ ratios, and a large number of nodes; the optimal sizing and siting problem of a DG unit cannot be determined by the conventional techniques, which are used for transmission systems. A novel method for the estimation as well as minimization of losses in a radial distribution system with DG unit has been presented in this paper. It also improves the voltage profile of the existing power systems and in addition a combined and optimal power factor is also calculated. An algorithm is presented in this paper to obtain the optimum position of DG units in the distribution network based on the available amount of DG using Fuzzy logic. Forward backward sweep method makes the load flow solution faster. Test results on a 33-bus system reveal that the superiority and simplicity of the proposed algorithm.
Power loss is varied from one country to another country which can be found from different statistics and studies. Different studies and statistics showed that distribution losses are 70% of the total power losses of the system [3] and 20% of total generated power is transferred into losses in a network [4, 5] , and it would make a cost millions of dollar every year.So power loss reduction is one of the important solutions to improve the overall efficiency of a distribution system. To reduce the distribution system losses there are three well known techniques are available; network reconfiguration, optimal capacitor allocation and DG placement. Out of these three techniques DG allocation has both technical as well as economic benefits that have presented in the research paper [7] [8] [9] [10] . Recently many studies have been employed to reduce the system losses by optimal sizing and siting of DG. Most of the methods are analytical and some of them are heuristic and metaheuristic methods. In the research paper [11] a reduced gradient approach has been presented to obtain the appropriate size of DG unit. An analytical method based on 2 3 ⁄ rule as a rule of thumb has been presented in this research paper to obtain optimal placement and optimal size of DG unit [12] . Many analytical approaches [4] [5] [6] [7] [8] were utilized for the DG allocation and sizing. Two analytical methods for a fixed size DG allocation are introduced in the research paper [4] out of which first one is applicable for radial system whereas second one is applicable for meshed network. Exact loss formula based analytical method is presented in [18] whereas analytical expressions for multi DG units are developed in the research paper [14] . A loss sensitivity factor based analytical method has been proposed to obtain the optimal size and position of a single DG unit in a distribution system [15] . A probabilistic approach has been developed in [19] for the selection of distributed generator location an hourly load or daily load changes are weighted according to the load magnitude and the location points are also weighted according to their load magnitude. The application of the proposed method demonstrated the efficiency of the method to solve the problem of DG sizing and siting. In [20] a MTLBO algorithm has presented to determine optimal size and optimal location of distributed generators in a distribution system. The optimal positioning and sizing problem was considered as MINLP problem in this paper. Authors in [21] has presented simultaneous allocation of distributed generators and capacitors for reducing active as well as reactive power loss minimization in a radial distribution network using a memetic algorithm which is the combination Fuzzy based DG allocation for Loss Minimization in a Radial Distribution System of local search and genetic algorithm. A PSO algorithm with constriction factor has been used in [22] to determine the optimal sizes and location of multiple DG units. A predetermined load growth with voltage regulation for five year was considered as constraints in this research paper. The results proved that multiple DG units which are allocated in distribution system can reduce both real and reactive power loss, purchase cost of energy, voltage deviation in the distribution system. A BSOA algorithm has been adopted to assign distributed generator units in a radial distribution network in [23] , where the weighting factor is adopted with objective function to minimize real power loss and also to improve the voltage profile. The numerical results described that the proposed method is more effective and efficient in comparisons with the analytical and other heuristics methods. In this paper a backward forward sweep methodology has been used for estimation of losses in a radial distribution system. After the estimation of losses a fuzzy expert system is implemented to standard test system to find the suitable node where the DG unit is to be placed such that the system losses is minimized as well as voltage profile of the system is improved. After getting the suitable node an analytical methodology has been used to compute optimum size of DG unit. It is considered that the DG unit is located in the primary of the distribution system to reduce the losses. The developed methodology is effective and suitable for allocating a single DG unit in the radial system. The rest of the research paper is developed as follow: section II includes location and sizing problem of DG units. Section III contains modeling and problem formulation. Section IV contains Backward/forward sweep method for load flow and section V includes proposed fuzzy expert system to find optimal location, the analytical approach to obtain optimal size of DG unit is described in the section VI. Optimal results are presented and summarized in section VII. At final section VIII conclusions and remarks are described.
II. ALLOCATION AND SIZING PROBLEM
The optimal allocation and sizing of a DG unit is one of the important factors for loss reduction in a distribution system. Fig. 1 shows a three dimensional plot between power losses and DG size at each buses in a distribution system. Figure 1 shows that as the DG size is increased for a particular bus the losses of a distribution network are reduced. However the loss is increased if the DG size is increased beyond the optimal DG size at that particular location. So whenever the DG size is increased more than the optimal value, the loss is increased and it may go beyond the loss of the base case loss. It is also important that minimization of losses are directly depends on location of DG. From the Fig. 1 it can be concluded that for a particular distribution system it is irrelevant to construct very high capacity DG unit. Allocation of a high capacity DG unit will cause very high system losses. So the size selection process of DG unit is carried out based on the size of distribution system (based on load in MW). The reason for the relation between higher DG unit capacity with higher losses can be explained that the distribution system is designed in such a way that such the power flows initially from sending end to the receiving end. [18] The conductor sizes are generally reduced from sending end towards the receiving end. So without change of network any installation of a large size DG unit will make excessive power flow in small size conductors and as a result it causes higher losses. The DG placement problem is solved by location issue first then followed by the sizing issue
III. MODELING AND PROBLEM FORMULATION

Different Load model
In power system loads are modeled into three categories based on the static characteristics of the load. These are as follows. 
DG model and their types
Based upon different point of view such as; type of connection, types, different operation mode DG unit can be modeled as PV bus or DG unit can also be modeled as PQ bus [24] . A DG unit which is already modeled as PQ bus can also modeled into three other types such as: DG unit has constant P and Q [25] , DG unit having a certain specified value of P and power factor (PF) [25] . As a varying Q generator DG unit can also be modeled [25] . A DG unit having specified real power and bus voltage magnitude is modeled as PV bus DG unit [25] . DG units are many times modeled as PV node without considering dummy branch; they can inject reactive power to the distribution system and support the voltage profile [26] . DGs with smaller capacity and in the form of constant PQ model are very much sufficient for the loss minimization of a radial distribution system. DG unit as negative load is assumed in this presented research paper. Various types of DG technologies used in a distribution system are presented in TABLE I. 
Objective function
'Exact loss' formula [30] can be used for the estimation of total real power losses of a radial distribution system by equation (1) .
(1) Where = cos ( − ), = sin( − ) and + = ; is the impedance of ij th matrix.
Backward/ Forward sweep power flow method
Three phase distribution system is balanced considering this a load-flow solution is carried out, so the three phase system can be represented as a single line diagram. A direct load flow can be used for the radial distribution system [27] . Now considering branch-1 the receiving end node voltage can be calculated as
Similarly for branch 2 Fig.2 . A simple radial distribution system So as the source node voltage (1) is already known so if we can determine the branch current (1) then it will be very easy to compute (2) from Eq. (2). So in the same way by computing the branch current (2) we can easily determine the node voltage (3). Similarly we can determine the node voltages of node 1, 2 … (no. of nodes) in forward sweep.
So based on the above equation the voltage of node 'i' can be written as
The load current of node 'i'; ( ) can be calculated as:
Where ( ) = active power of load connected to node 'i' ( ) = reactive power of load connected to node 'i' Branch current through node 'i' i.e. ( ) is the sum of load current ( ) of node 'i', and the branch currents which are connected to this line can be represented as
Where is consisting of all the branches connected to node 'i' and is zero for all terminal node.
So the current ( ) connected to end node 'i' can be expressed as
So equation (6) and (7) are utilized in backward sweeps from all end nodes towards the root node for calculation of current.
Calculation of real and reactive power losses
The real and reactive power loss of a distribution system can be expressed as given below
V. OPTIMAL NODE DETERMINATION USING FUZZY EXPERT SYSTEM (FES)
For a given single source radial distribution system it is not possible to reduce the losses which are associated with real and reactive component of the branch currents because all these real and reactive power is supplied by the single source at the source node. This limitation can be overcome by placing DG units at different nodes of the system for loss reduction. So the real and reactive powers are generated locally by installed DG unit. The location of DG is chosen based on fuzzy expert system. The location must be one that gives minimum losses along with the best voltage profile.
FES implementation
The fuzzy expert system (FES) consists of a set of rules. These rules are developed in a standard way. Different rules are designed and defined to determine the suitable node at which DG could be placed in fuzzification process. In the fuzzification process, the power loss factor (PLF) and voltage index (VI) are converted into fuzzy. Linguistic terms for power loss factor (PLF) is described by very low (VL), low (L), medium low (ML), medium high (MH), high (H), very high (VH) and linguistic terms for voltage index is described as low (L), medium low (ML), medium (M), medium high (MH), high (H). Different membership functions are generated to represent all these linguistic terms. Trapezoidal type membership functions are used in the following fuzzy expert system and they are shown in the Fig. 3 and Fig. 4 respectively. The power loss factor (PLF) and the voltage index (VI) are the two inputs to the fuzzy (FIS), which determines the optimal position for allocation of DG by fuzzy inferencing. The inference involves heuristic rules for the determination of output decisions. In this fuzzy inference system there are two input variables (PLF, VI) and (7, 5) fuzzified variables respectively so that the fuzzy inference system has a set of 35 rules. 
Fig.4. Voltage index membership functions
The DG unit is allocated in a radial distribution system in such a way that power loss factor should be maximum and the voltage index should be minimum. These two objectives are more important while designing the heuristic rules for fuzzy inference system (FIS). All these rules are expressed as the following way:
IF premise (antecedent).THEN conclusion (consequent).
To determine the DG suitability at a node a set of fuzzy rules have been employed. The rule base for optimal DG placement is presented in the fuzzy decision matrix shown in Table 2 and illustrated in Fig. 6 . The output of fuzzy inference system is DG placement suitability index and it is also described by the linguistic terms very low (VL), low (L), medium low (ML), medium (M), medium high (MH), very high (VH). These linguistic terms are also represented by membership functions and it is shown graphically in Fig.5 . 
Fuzzy inference and defuzzification technique
Several rules are implemented with some degree of membership after the inputs are given to the fuzzy expert system (FES) which is obtained from the load-flow program i.e. power loss factor and voltage index. In this fuzzy expert system method Mamdani's maximum-minimum method of inference has been used. Regarding the DG placement problem, the DG suitability membership function, of node i for k fired rules are given by the equation (10) 
The two membership functions of power loss factor and voltage index are represented by and respectively. After the calculation of DG suitability membership function for a particular node it must be defuzzified to a scalar value. This defuzzification method helps to determine the ranking of different node's suitability. To defuzzify the fuzzified values a centroid method has been used. DG suitability index can be determined as, ) [17] for optimal positioning of a DG unit in a radial distribution system. The reactive power generated by a DG unit can be expressed by the following equation as:
In which = +1: reactive power supplied by a DG. = −1: reactive power absorbed by a DG. = Power factor of DG The active power and reactive power injected at bus i by a DG can be given by the following equation (13) and (14).
From equation (1), (13), (14) the active power loss which occurred in the distribution system can be computed in the following way
The partial derivative of Eq. (15) with respect to the active power injection from DG at bus 'i' becomes zero to obtain reduced active power loss.
Equation (16) can be written in the following way:
From the equation (13), (14), (17) and (18) we can obtain the equation (19) (20) to get the formulae to compute the best size of a DG to be placed in distribution system to reduce losses
The power factor of a DG unit is very important to minimize the total system losses and it also depends upon the DG type and its operating condition. When the power factor of a DG unit is specified then its size can be determined in the following way:
Type 1 DG: This kind of DG is injecting only active power such as fuel cells, photovoltaic system, micro-turbines. Power factor is unity for this type i.e. = 1, = 0. By reducing the equation (21) we can get the size of Type 1 DG.
Type 3 DG: This kind of DG is generating active power as well as reactive power such as diesel generators. Power factor is in the range 0 < < 1, = +1 and is a constant. The best size of Type 3 DG for minimum loss can be obtained from the equation (14) and (20).
Optimal power factor
Let a distribution system having two buses, a source, a load. The DG unit is connected at load end as shown in Fig.6 . PF of the single DG ( ) connected to the distribution system can be obtained as,
PF of a single load ( ) can be obtained as,
When the PF of a single DG is equal to PF of combined load at that time the total load PF can be computed by Eq. (22) at that calculation the total active and reactive power can be obtained as,
It is found that minimum loss will be obtained if the power factor of DG ( ) is equal to power factor of total load ( ). This can be expressed by equation (25) = (25)
Computational procedure for the approach
The procedure to allocate a DG unit for loss minimization in a radial distribution system represented as below:
Step 1) Run the forward/ backward sweep load-flow for base case and find each branch as well as total losses and node voltages for the specified test system.
Step 2) Find the optimal node to allocate a DG unit.
(a) Develop the two input membership functions based on branch losses and node voltages and one output membership function of DG suitability index.
(b) Develop fuzzy rules (5×7) using Mamdani's method and defuzzify that to get optimal node for DG placement.
Step 3) Find the optimal power factor using equation (25) .
Step 4) Obtain the optimal size of DG and compute the losses using the following steps:
(a) Allocate the DG unit at the appropriate position obtained from step 2, and vary the DG sizes in a very small steps using equation (14), (20) , (21), by updating the values of ' ' and ' ' and finally compute the total real power losses by using the steps given below (b) Select and store the DG size which gives minimum losses and discard other results.
Step 5) Update load data which is obtained in step 3, after allocating the DG unit with optimal size.
Step 6) Stop the procedure if the following occurs: 
VII. RESULTS AND DISCUSSIONS
The methodology has been tested on IEEE 33 bus test system. This test system has real and reactive load of 3.715 MW and 2.3 MVAR respectively [29] . It is found that combined load PF of the system is about 0.85 lagging. The computer program has been implemented in MATLAB 2014 for estimation of losses with/without DG for the given test system. The fuzzy toolbox is also used to solve the optimal position problem of DG unit (Type1 and Type 3). Based on the proposed method the base case power flow gives the total real power loss 201.7543 kW and the fuzzy expert system gives the optimal node 6 for DG placement. The analytical method already written in section VI gives the optimal size of Type 1 and Type 3 DG unit 2.59 MVA and 3.1 MVA respectively. The percentage of loss reduction after the allocation of Type 1 and Type 3 DG unit is 49.05% and 69.44% respectively. It is also proved that the DG with the power factor equal to combined load power factor i.e. 0.85 lag gives the best result as compared to others. Fig.7 and Fig.8 respectively. From the Fig.7 it is observed that the voltage profile of the given bus system is improved more by installing Type 3 DG unit as compared to Type 1 DG unit. TABLE V represents the results of the analytical methods using PSO [31] , ABC [32] and other evolutionary techniques (PSO) [33] and these results are compared with the proposed fuzzybased method to allocate Type 1 DG unit. This paper presents a novel fuzzy expert system to find the optimal node for DG allocation to minimize the real power losses in a radial distribution system as well as to improve the voltage profiled sizing problem is solved using an analytical method considering combined load power factor. Validity of the method is tested on IEEE 33-node radial distribution system. Results showed that appropriate size, location and power factor of a DG unit will lead a significant role to minimize the losses in distribution system.
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